The two line 35 C1 NQR spectrum of 4,5-dichloroimidazole was measured in the temperature range 77^ T/K ^389. The temperature dependence of the NQR frequencies conforms with the Bayer model and no phase transition is indicated in the curves v( 35 Cl)= f(T). The compound crystallizes at room temperature with the tetragonal space group D4-P41212, Z = 8 molecules per unit cell; at 295 K: a = 684.2(5) pm, c = 2414.0(20) pm. The relations between the crystal structure and the NQR spectrum are discussed.
Introduction
Imidazole is a weak base, pK = 6.95, and in the protonated form two resonance structures can be formulated which may be written for the molecule itself, too. Substitution of the hydrogen at the carbon atoms by chlorine should change this property only little. Therefore we became interested to study the 35 C1 NQR spectrum and the structure of 4,5-dichloroimidazole for comparison of NQR frequencies and bond lengths C-Cl in the configuration C1C = CC1 [1, 2] , In the following, we report on the results of the crystal structure determination and on the 35 C1 NQR spectrum in the range 77^ T/K ^389.
Experimental
4,5-Dichloroimidazole, commercially available from Fluka, Neu-Ulm, Germany, was used after recrystallization from hot water (colorless small prisms) [3] for both experiments, 35 C1 NQR and X-ray diffraction.
The crystal structure was determined with a 4-circle X-ray goniometer; in Table 1 the experimental details are given together with some crystallographic data of the compound. The structure was determined from the reflexion intensities, after appropriate corrections for absorption and LP-factor, by direct methods, SHELX 86 [4] . The final atomic positions and thermal parameters, including the hydrogen positions, were found by least squares refinement, SHELX 76 [5] .
For the 35 C1 NQR measurements a superregenerative spectrometer with lock in technique, time constant 10 s, and recorder was used. The temperatures at ;-xA+yA-z; i + x,i-y,|-z 0932-0784 / 92 / 0100-0177 $ 01.30/0. -Please order a reprint rather than making your own copy. 0.3392(4) 0.5888(4) 0.1551 (1) 1125 (20) 837 (17) 1356 (24) 215 (13) 103 (18) 392 (14) Cl (5) 0.7021 (3) 0.2261 (4) 0.1627 (1) 743 (14) 1161 (19) 1143 (19) 230 (12) 233 (13) 25 (15 Table 3 . Crystal structure of 4,5-dichloroimidazole, C3H2N2C12; intra-and intermolecular distances {d/pm) and angles (°).
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Results
In Table 1 some crystallographic data of 4,5-dichloroimidazole are given, together with the experimental conditions for the crystal structure determination. Table 2 lists the atomic coordinates and the thermal parameters, and in Table 3 intra-and intermolecular coordinates are presented. The calculated and observed structure factors are available on request [15] .
The 35 C1 NQR frequencies are listed for 77 K and 290 K in Table 4 , which contains also the parameters describing the temperature dependence of the frequencies. The parameters are the coefficients of the polynomial v= i ^r.
i= -1
Discussion
In Fig. 1 is 279.5(7) pm, see Table 3 ; this value compares well with the intermolecular distance N (1) • • • N (3) observed for imidazole, for which compound several crystal structure determinations have been reported [6] [7] [8] [9] , The layer distances, determined by the intermolecular distance Cl <5) • • • Cl' <4) = 366.3 pm, compare favorably with the van der Waals diameter of the chlorine atom (360 pm).
It is worthwhile to compare imidazole, C 3 N 2 H 4 , with the present derivative, 4,5-dichloroimidazole. Imidazole crystallizes with a structure basically similar to the structure of the 4,5-dichloro compound. In both cases the significant structural property is the chain structure, formed by intermolecular hydrogen bonds. The interesting features of the hydrogen bonded chain system of imidazole were found by Zimmermann and his coworkers [10] [11] [12] , By spectroscopic methods (IR-, Raman-and 'H-NMR spectroscopy) and by X-ray diffraction on solutions they observed a strong intermolecular hydrogen bond Table 2 . [14] points toward a fixed hydrogen atom at 77 K. In [14] , the assignment of the 14 N NQR parameters to the tri-coordinated nitrogen, respectively to the two-coordinated one, is discussed in detail.
A consequence of a rapid proton exchange between the two possible positions of the imino hydrogen is the averaging of the intramolecular distances within the ring C 3 N 2 . For imidazole the reported distances are between 132.0 pm and 137.5 pm [9] at room temperature and between 132.6 pm and 137.8 pm at 120 K [8] . We find these intramolecular ring distances between 132.4 pm and 134.7 pm (Table 3) . One significant difference between imidazole and the 4,5-dichloro derivative is the slight overall shortening of the intermolecular distances in the Cl-substituted compound compared with imidazole. An other characteristic of the molecules in the solid is the planarity of the rings. From the Fourier synthesis we have been able to locate the hydrogen at the nitrogen N (1) . Therefore we must assume that the tautomerism is at least partially suppressed by the substitution of H by CI in the positions 4 and 5. This assumption is supported by our 35 C1 NQR data. In Fig. 2 the frequencies are plotted vs. temperature. As already mentioned, the two simple conclusions are: The 35 C1 NQR spectrum is in agreement with the symmetry properties of the crystal and there is no phase transition in the temperature range covered by the NQR measurements. Following the rule, v( 35 Cl) = c • (l/(d(C-Cl)~3), and v 2 should be nearly equal in frequency. This is by no means so. Also the mean of the two frequencies (at 77 K) is much lower than expected from the v( 35 Cl)= /(C-Cl) relation given in [1] for bonds C(sp 2 )-Cl. One may find several arguments for these discrepancies. The double bond C = C may be partially delocalized, the clamping of the C = C bond betwen two nitrogen atoms may change the hybrid character at the carbons, the Hammett parameter on the CI site may be changed by the two nitrogens. Experiments with imidazoles of different substitution pattern and a precise location of the hydrogen position by neutron diffraction will be helpful for solving the problem.
